Appl . ^o. 09/749,125 

ArTian . da-ed January 21, 2005 

Reply to Office Action of July 21, 2O04 


AMENDMENTS TO THE CLAIMS ^ 

Please amend the claims as shown- in the following listing of the 
claims . 

Claims 2, 3, 5-10, 12, 14 and 16 are withdrawn . 
Claims 1, 4, 11, 13, and 15 'are amended. 

1. (currently amended) A linx mechanism 
for a surgical assist robot to determine a position and direction 
of an axial rod, comprising i 

an axial rod; and 

two spherical bearings to support said 
axial rod, said two spherical bearings being capable of changing 
positions, 

wherein a motion of one of said two 
spherical bearings relative to said axial rod along an axis of 
said axial rod is constrained, and the other of said spherical 

bearings can travel along said ro d/ and 
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wherein said roc and each of said 
spherics 1 bearincfa constrDctied of material drawn from a clasg ^ 
paramaor.eti.c materials of small macmehira BuacentibiliVv incluiiigq 
ceramic material, glapg fiber-reinforced material, carbon fiter 
reinforce^ Mteyial, — wppfl , — and non-ferrous metal, said mah P ri ? 1 
permitting use of the robot for magnetic resonance a n d, therapy 
applications in an environment of an elactromacmet ic field 
without generation of artifacts in images produced b v magnetic 
resonance and therapy appli cations . 

2 . (withdrawn) Method to determine a 
position and a direction of an axial rod of a link mechanism 
wherein, said 1 inJc mechanism comprises: 

an axial rod; and 

two spherical bearings to support said 
axial rod, said two spherical bearings being capable of changing 
positions, wherein the method comprises steps of: 

constraining a motion of one of said two 
spherical bearings relative to said axial rod along the axis of 
said axial rod; 

allowing the other of said spherical 
bearings to travel along said axial rod; and 


—PAGE 3/20 * RCVD AT 2/18/2005 6:14:40 PM [Eastern Standard Time] * SVR:USPT0-£FXRF-1/1 * DNlS:8729306 * CStD:2127582913 * DURATION (mm- ss):09-S 6 


determining t:he position and direction 
of Said axial rod toy defining a coordinate value of one of eaid 
two spherical bearings and a position of the other of said two 
spherical hearings relative to the one of said two spherical 
hearings . 

3, (withdrawn) A method to determine a 
position and a direction of an axial rod according to claim 2, 
wherein the link mechanism is for an output of a robot. 

4. (currently amended) A link mechanism 
for a surgical assist robot to determine a position and a 
direction of an axial rod, comprising 

an axial rod; and 

two supports to support said axial rod, 
said two supports toeing capable of changing positions, 

wherein a motion of one of said two 
supports relative to said axial rod along an axis of said axial 
rod is constrained, and the other of said supports can travel 
along said axial rod ; ?nfl 

wfrerein sa,;^ rod and each, of s^ifl 
SPherical be^yinerg constructed of material drawn f^om a clasa of 
paramagnetic mateyiaXe Q5 BWaXX magnet ic su s ceptibility including 
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ceramic material , gla^g f iber- reir.f nrced material . carbon fiber 

reinforced macexial, v/oog . and non -re rrou« netal, said material 
permitting use of the robot for magn P , tic resonance and th erapy 
applications in an environment of an P lectromaanef.ic field 
without generation of artifacts in i mages produced bv magnetic 
resonance and therapy appl icatinnB 


5. (withdrawn) Method to determine a 
position and a direction of an axial rod of a link mechanism 
wherein, said link mechanism comprises; 

an axial rod; and 

two supports to support said axial rod, 
said two supports being capable of changing positions, 

wherein the method comprises steps of: 

constraining a motion of one of said two 
supports relative to said axial rod along the axis of said axial 
rod; 

allowing the other of said supports to 
travel along said axial rod; and. 

determining the position and direction 
of said axial rod by defining a coordinate value of one of said 
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two supports and a- position, 
relative to the one of said 

6 - (v7ith.cl3ra.WTi) A method to determine a 
position and. a direction of an axial rod according to claim 5, 
wherein the link: mechanism is for an output of a robot . 

7. (withdrawn) Method for establishing 
the position of a second spherical bearing of a link mechanism 
relative to a first spherical bearing of the mechanism, and for 
establishing the direction, relative to a rod of the mechanism, 
of an arm segment extending from said second bearing, the method 
v comprising: 

attaching said spherical bearing© to 
said rod, and enabling said two spherical bearings to change 
positions relative to each other along said rod; 

wherein motion of one of said two 
spherical bearings relative to said rod along an axis of the rod 
is constrained, and the other of said spherical bearings can 
travel along said rod; and the method further comprises a step of 

defining coordinate values of one of 
said two spherical bearings and the position of the other of said 
two spherical bearings relative to the one of said two spherical 
bearings . 
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of the other of said nwo suppoms 
two supports . 
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8 . (withdrawn) Method according to claim 
7 , whereir. the link mechaniam serves as an output of a robot. 


3. ( withdrawn ) Method, for establishing 
the position of a second, support of a link mechanism relative to 
a first support of the mechanism, and for establishing the 
direct ion , relative to a rod of the mechanism, of an arm segment 
extending from said second support, the method comprising: 

attaching said supports to said rod, and 
enabling said two supports to change positions relative to each 
other along said rod; 

wherein motion of one of said two 
supports relative to said rod along an axis of the rod is 
constrained, and the other of said supports can travel along said 
rod; and the method further comprises a step of 

defining coordinate values of one of 
said two supports and the position of the other of said two 
supports relative to the one of said two supports . 

10 . (withdrawn) Method according to 
claim 9, wherein the linJc mechanism serves as an output of a 
robot . 
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11, (currently amended) A link mecnaatei 
for & surgical assist robot to determine a position and direction 
of an axial rod of robotic equipment , the 1 ink: mechanism servixsff 
to direct a manipulator of a robot to determine the position aisft 
direction of a surgical assist apparatus in the presence of am 
electromagnetic field of magnetic resonance and therapy 
equipment, wherein the manipulator has a configuration to 
minimize magnetic susceptibility and electrical noise radiation, 
the link mechanism comprising: 

an axial rod ; and 

two spherical bearings engaging with 
said axial rod, a second bearing of said two spherical bearings 
being capable of changing positions relative to a first bearing 
of said two spherical bearings along said axial rod, wherein said 
robot has a first manipulator extending from «t said first of said 
spherical bearings and a second manipulator extending from «t said 
second of said spherical bearings to engage the surgical assist 
apparatus while minimizing interaction with said electromagnetic 
field; and 

wherein a motion of said first spherical 
hearing relative to said axial rod along an axis of said axial 
rod is constrained, and said second spherical bearing can travel 
along said rod to enable a drive mechanism of the robot to 
position and to direct each of said first and said second 
manipulators * and 
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wherein said roc and each of gaic 
spherical bearings construe ned of material drawn froin a class of 

paramagnetic mater ials of small magnetic ouaceptibility jncXn diner 

ceramic material, glass fiber-reinforced material, carbon fiber 

reinforced ma terial . wood, and non-ferroua metal, said triatrial 

permitting use of the robot for magnetic resonance an d therapy 

applications in an environment of an ele ctromagnet 1c field. 

W i thout generation o f artifacts in images produced by magnetic 
resonan ce and therapy applications. 

12. (withdrawn) A method to determine a 
position and a direction of an axial rod of a link mechanism in 
robotic equipment , the link mechanism serving to direct a 
manipulator of a robot to determine the position and direction of 
a surgical assist apparatus in the presence of an electromagnetic 
field of magnetic resonance and therapy equipment , wherein the 
manipulator has a configuration to minimize magnetic 
susceptibility and electrical noise radiation, the manipulator 
comprising: 

an axial rod; and 

two spherical bearings engaging with 
said axial rod, said two spherical bearings being capable of 
changing positions relative to each other along said axial rod, 
wherein said robot has a first manipulator extending from a first 
of said spherical bearings and a second manipulator extending 
from a second of said spherical bearings to engage the Burgical 
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aesiec apparatus while tr.inimzing interaction wich a a. 1 d 
electroir.acneLic field, wherein the method comprises step.=5 o: : 

constraining a motion of one of said two 
spherical bearings relative to said, axial rod. along the axis of 
said axial rod; 

allowing the other of said spherical 
bearings to travel along said rod to enable a drive mechanism of 
the robot to position and to direct each of said first and said 
second manipulators ; and 

determining the position and the 
direction of said axial rod by defining a coordinate value of one 
of said two spherical bearings and a position of the other of 
said two spherical bearings relative to the one of said two 
spherical bearings . 

13 . (currently amended) A link mechanism for 
a, surgical assist robot to determine a position having 
coordinates (X lr Y x> Zj and a direction having coordinates { 8 , tp) 
of an axial rod (R) for robotic equipment works in the robotic 
workspace, trie link mechanism comprising: 

an axial rod (R) ; and 

two first and aeeftnd spherical bearings 
(Pi and P2 > engaging with said axial rod (R) , said first 
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spherical bearing (Pi) having said position coordinates (Xi , Yj_ , 
Z L ) , and. said second spherical bearing (?2) toeing capable of 
changing its position identified by coordinates ( x', y 1 , z") 
derived from an equation (!) relative to said first spherical 
bearing (Pi) along said axial rod (R) , wherein 


x'— r cos cp sin © 
y T — r sin cp sin © 

z ■ = r cos e (i> 


wherein said first spherical bearing 
(Pi) is capable of being driven to change trie position of the rod 
in three-dimensional space by a driver and said second spherical 
bearing (P 2 ) is capable of being driven to change the position in 
three dimensional space or a two dimensional plane relative to 
said first spherical bearing (P x ) by a driver, said robot has 
said robotic equipment mounted on said axial rod (R) ; and the 
length of the axial rod ( R) should be longer than the maximum 
length of r , and 

wherein a motion of said first spherical 
bearing (Pi) relative to said axial rod (R) along of said axial 
rod (R) is constrained, and said second spherical bearing < P2 ) 
can travel along said axial rod (R) to enable a positioning and a. 
directing of said axial rod (R) and said robotic equipment, 
wherein: 

r= distance between Pi and P 2 along the axis of axial rod (R) 
X2 : coordinate value of P2 along the x axis of xyz coordinate 
y2 ■ coordinate value of P2 along the y axis of xyz coordinate 
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-z.~> : coordinate value of P2 along rhe 2 axis of xyz coordinate 

- coordinate value of along the x axis of 3cyz coordinate 

yi : coordinate value of Pi along the y axis of xyz coordinate 

z x : coordinate value of Pi along the z axis of xyz coordinate 
9: angle of R measured from x axis of x-z plane 
<3> : angle of R measured from y axis of y- z plane 

y'- LCY2-Y1]] y 2 - y3 . 

Z * « 252 - Z l 

r 2 ~ x' 2 + z '2j_axia 

wherein said rod and each of said 
spherical bearings constructed c^f material drawn from a class of 
paramagnetic materials of small magnetic susceptibility including 
ppramic material, glass f i hfir- reinforced material. — carbon f jfrer 

reinforced material . wood, and non-ferro us metal. said material 

permitting uae of the robot for magneti c resonance and therapy 

a pplications in an environment of an electromagnetic field 

without generation of artif acts in images produced bv magnetic 
resonance and the rapy applications. 


14 . (withdrawn) A method to determine a 
position (Xi, Yi, Z^) and direction (e, cp) ) of an axial rod (R) 
for robotic equipment works in the robotic workspace , the link 
mechanism comprising: 

an axial rod (R) ; and 
-13- 
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two spherical bearings (Pi and P2 ) 
engaging with said axial rod (R) , said first spherical bearing 
(P x > being capable of changing position into ( Xi , , Z3. ) and 

said second spherical bearing (P 2 ) being capable of changing 
position into < X' , Y ' , Z ' ) derived from equation < D relative to 
said first spherical bearing (Pi) along said axial rod* (R) r 
3c ■ = r cos <p ©in B 
y ' = r sin <p sin 8 

Z • n COS 9 (1) 

wherein said first spherical bearing 
(P x ) being capable of being driven to change position in 3D space 
by driver and. said second spherical bearing (P2) being capable of 
being driven to change position in 3D space or 2D plane relative 
to said first spherical beating (Pi) by driver, said robot has 
said robotic equipment mounted on said axial rod (R) ; and the 
length of the axial rod (R) should be longer than the maximum 
length of r , and 

wherein a motion of said first spherical 
bearing (Pi) relative to said axial rod (R) along of said axial 
rod (R) is constrained, and said second spherical bearing (P2) 
can travel along ©aid axial rod (R) to enable to position and to 
direct said axial rod <R) and said robotic equipment. 
Wherein: 

r: distance between Pi and P2 along the axis of axial rod (R) 
x 2 : coordinate value of P2 along the x axis of xyz coordinate 
y 2 : coordinate value of p 2 along the y axis of xyz coordinate 
z 2 : coordinate value of p 2 along the z axis of xyz coordinate 
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xn : coordinate value of p;. along rhe x axic of xyz coordinate 
y x : coordinate value of Pi along the y axis of xyz coordinate 
Zl : coordinate value of pi along the z axis of xyz coordinate 
G: angle of R measured from x axis of x-z plane 
: angle of R measured from y axis of y-z plane 
x 1 = x 2 -xi 

z • - z 2 -Z! 

r 2 c- x ' 2 +y ' 2 + z ' 2 

15. (currently amended) A link, mechanism 
for a surgical assist robot to determine a position having 
coordinates (X^, Y if Z^) and a direction having coordinates (0, 
tp> of an axial rod (R) for robotic equipment works in the robotic 
workspace, the link mechanism comprising: 

an axial rpd (R) ; and 

trwo fi-r-at and aeeond supports (Pi and 
P 2 ) engaging with said axial rod (R) , said first support <Pi) 
having said position coordinates (Xi, Y x / Zi) and said second 
support (P2) being capable of changing its position identified by 
coordinates (x 1 , y ' , z ■ ) derived from an equation (1) relative to 
said first support (Pi) along said axial rod (R) , wherein 

x ' = r cos cp sin G 

y ■ = r sin <p sin G 

z • « r cos G (D 
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wrieztre in said f irsr. support (P^) is 
capable of being driven to change position of the rod. in three- 
dimensional space by a. driver and said second, support ( P2 ) ia 
capable of being driven to change position in three dimensional 
space or* a. two dimensional plane relative to said first support 
(Fx ) by a driver, said robot has said robotic equipment mounted 
on said axial rod (R) ; and the length of the axial rod (R) should 
be longer than the maximum length of r , and 

wherein a motion of said first support 
(Pi ) relative to said axial rod (R) along of said axial rod (R) 
is constrained, and said second support ( P2 ) can travel along 
said axial rod (R) to enable t o po sition a -positioning- and a 
directing of -fro — direc t said axial rod (R) and said robotic 
equipment , 
Wherein: 

r: distance between E Cpx] 3 p x and P 2 along the axis of axial rod 
(R) 

X2 : coordinate value of P2 along the x axis of xyz coordinate 
y2 : coordinate value of P2 along the y axis of xyz coordinate 
Z2 = coordinate value of P2 along the z axis of xyz coordinate 
x;l : coordinate value of Pi along the x axis of xyz coordinate 
Vl : coordinate value of Pi along the y axis of xyz coordinate 
Z]_t coordinate value of Pi along the z axis of xyz coordinate 
0: angle of R measured from x axis of x-z plane 
<2> : angle of R measured from y axis of y-z plane 

X' = X2-3C1 

Y ' = Y2-V1 
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2 T = Z2"2l 

r 2 = x:' 2 +y , 2 + z ' 2_i and 

wherein said rod and ea ch of said 
spherical bearings constructed of material dr awn f rom a class of 
paramagnetic materials of small magn etic auBceptibilitv including 
^ ramic material, alaes f iber-r^inforced material. — carbon fiber 

reinforced material, wood, and non -ferrous metal. ga?-d; material 

permitting u«e of the robot for magne tic resonance and therapy 

a pplications in an environm ent of an electromagnetic field 

without generation of artifact-.n in imaoea produced by magnetic 
resonance and ther apy applications , 


16. (withdrawn) A method to determine a 
position (Xi, Yi, Z 1( ) and direction <©, <p) of an axial rod (R) 
for robotic equipment works in the robotic workspace, the link 
mechanism comprising: 

an axial rod <R) ; and 

two supports (Pi and Pg) engaging with 
said axial rod (R) , said first support (Pi) being capable of 
changing position into (Xi, Yi , Z± 3 ) and said second support (P2) 
being capable of changing position into { X 1 , Y* # Z») derived from 
equation (1) relative to said first support (Pi ) along said axial 
rod (R) , 

>c ' — r cos <p sin 6 
Y 1 = r sin <p sin 9 
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z ' = X* cos 8 


(1) 


wherein said first support (Pi) being 
capable of being driven to change position in 3D space by driver 
and said second support (F 2 ) being capable of being driven to 
change position in 3D space or 2D plane relative to said first 
support <Pi) by driver, said robot has said robotic equipment 
mounted on said axial rod (R) ; and the length of the axial rod 
(R) should be longer than the maximum length of r , and 

wherein a motion of said first support 
(Pl ) relative to said axial rod (R) along of said axial rod (R) 
is constrained, and said second support (P 2 > can travel along 
said axial rod (R) to enable to position and to direct said axial 
rod (R) and said robotic equipment, 
wherein : 

r: distance between p x and P2 along the axis of axial rod (R) 
x 2 = coordinate value of P 2 along the x axis of xyz coordinate 
y 2 : coordinate value of p 2 along the y axis of xyz coordinate 
z 2 : coordinate value of p 2 along the z axis of xyz coordinate 
x i: coordinate value of Pi along the x axis of xyz coordinate 
yi . coordinate value of pi along the y axis of xyz coordinate 
z x t coordinate value of pi along the z axis of xyz coordinate 
e : angle of R measured from x axis of x-z plane 
Oj angle of R measured from y axis of y-z plane 

yt v 2 -v x 

z 1 = z 2 - z x 
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17 . (currently amended) Robotic 
apparatus comprising- a link mechanism with a first manipulator 
and a second manipulator connected to the link mechanism to 
determine the position and direction of a surgical assist 
apparatus in the presence of an electromagnetic field of magnetic 
resonance and therapy equipment , wherein eucln. of o&i d 
ma^ipulflturp lmu a eon£igaioi:ion to mii - iiiuire niagneti -e 
ausec p tibiliU/ miU eleuti-i c al noiBe j-culiafcioii, the link mechanism 
compri s ing : . 


an axial rod; and 


two spherical hearings engaging with 
said axial rod, a second bearing of said two spherical bearings 
being capable of changing positions relative to a first bearing 
of said two spherical bearings along said axial rod, wherein said 
first manipulator extends from said first of said Bpherical 
bearings and said second manipulator extends from said second of 
said spherical bearings to engage the surgical assist apparatus 
while minimizing interaction with said electromagnetic field; and 

wherein a motion of said first spherical 
bearing relative to said axial rod along an axis of said axial 
rod is constrained, and said second spherical bearing can travel 
along said rod to enable a drive mechanism to position and to 
direct each of said first and said second manipulators^ — ano^ _ 
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wherein said rod and earh Q-f 3aj£ 

a phftricpl hear^ngg connhructed o£ material r^wi ^Qfn a Clagg 
naramacnpt-.ic mat^iila o f s mall, ^qne tic miflrftptiM UtY including 
^ramic m^P-la] , eilasa f iber-reinf O^ce^ material, ^rfepn fjfe^r 
reinforcp^ »nater i m - wood, and non-£erroup ^fti., *»H * m^fre^a l 
p^rmittlno o f f.H« robot for magnetic yenop^ncg ?nrt rT^raPV 

applications- i.n an environment of ^n , e^etirg^gnet^ gie3.<fl 
without o^P^tion of »T-t:if ftgnw i n jma^s pggfl^efl by magnet i c 
r^onance an d tnera PV frppHqafcjLpnq , 
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Respectfully submitted, 
Kiyoyuki Chinzei 


fays. 


MAKTIN A J FARBER 
Attorney for Applicant 
Registered Representative 
Registration No. 22 , 34 5 
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